We present our study of the influence of the head 30 degrees flexion position on the changes in the muscle strength of the upper extremities. This position is typical for a person working in front of a computer.
INTRODUCTION
Th e goal of this research was to fi nd out the possible reasons of changes in muscle strength in the targeted muscles of the arm and the hand (M. deltoideus, M. biceps brachii, M. triceps brachii and M. abductor pollicis longus) aft er the fl exion of the head at 30°.
Th e study involved 100 healthy volunteers (68 women and 32 men), 19 to 30 years old. In our study we have used the MicroFET2 Hand Held Digital Muscle Tester in accordance with the manufacturers recommendations, in order to determine the strength of the muscles of the hand and the arm. Th e results were then used to analyze the diff erence in the strength of the muscles innervated by the spinal cord cervical region with the head fl exed at 30° and for the same person sitting in the vertical position of head. Our statistical results were obtained by using IBM SPSS soft ware package Statistics20.
Th e rehabilitation professionals who work in clinical settings observed and described a well-known phenomenon: oft en, the patients' muscle strength in the arms changes asymmetrically when tilting the patient's head forward (fl exio capitis) [1] - [6] . Th is means that changes in the muscle strength of the upper limb occur when changes in the cervical region take place (in the position of kyphosis, when no lordosis is present). Th is information can be found in the mechanical geometric explanation. Oft en the fl exion of the head is resulted in the change of the strength of the limb muscles. Th is fact cannot be explained by the geometry of the vertebral column. Th e available scientifi c literature sources mention this phenomenon, see for example, [7] , but the information they provide is based on the patient observation only. No explanations are given with regards to its possible cause. Hereby, we are trying to clarify the nature of this phenomenon and establish certain parameters, in order to better understand it.
In this context, we conducted a feasible study involving healthy voluntary subjects, as well as using the data obtained from rehabilitation practitioners on the patients in clinical observation. Our experimental study has allowed us to identify the following:
• Manually verifi able changes in the upper limb muscle strength. Th e ability to change the spine curves from lordosis to the kyphosis are presented in all subjects, both healthy and with locomotion apparatus pathology, with a varying degree of expressiveness. Changes in the arm's muscle strength, by our experience, gives a universal response to a movement of the spine.
• Th e reduction of the muscle strength occurs immediately aft er the cervical spine lordosis changes in the position of kyphosis. Aft er restoring normal lordosis, the muscle strength reduction disappears.
• Th e reduction of the upper limb muscle strength is always asymmetrical.
Th is phenomenon is more expressed for the patients with chronic neck and shoulder pain.
• When the fl exion of the head is within a physiological range, our test does not cause pain in the locomotion apparatus.
We are taking into consideration the changes in the upper limb muscle strength which are synchronized with the changes in the spinal functional curvature stage. We can assume that such a phenomenon could cause changes only in the conductivity of the central nervous system (spinal cord). Th e structures of the peripheral nervous system, including spinal nerves, does not change, but the area of their exit from the spine (intervertebral foramina) is widening during body fl exion -see Figure 2 . Th e purpose of our research is to study various related changes in the muscle strength, as well as to fi nd out what level of spinal cord changes could be attributed as a possible cause for this phenomenon and the fi ndings in the clinical practice. Th us, the main goal of our research is to measure the relative changes in the muscle strength in specifi c muscles of the arm (M. deltoideus, M. biceps brachii, M. triceps brachii, M. abductor pollicis longus) when the cervical spine is in vertical position and while the head is fl exed at 30°. Th is position is important in order to determine the possible reasons for the changes in muscle innervation and strength, because it is very typical for a person working in front of a computer.
MATERIALS AND MEASUREMENT METHODS
Our study has been approved by the Ethics Committee of Riga Stradiņš University (RSU), resolution number 55/29.01.2015, Chairperson Professor Olafs Bruvers. Th e date of approval is 29.01.2015.
In our study 100 volunteers in the age from 19 to 30 years old, with no health issues, were involved, see Table 1 , for volunteer demographics. Volunteers have given their informed consent for the participation in the research study. All measurements were performed on the persons in the sitting position, using a standardized chair DXR ACER. Th e functional elements of the chair were adjusted in such a way so that the individuals' elbow joints should be at 90° -arms should be supported on the armchair and the lumbar region of the spine column had individually adaptive support to maintain the lumbar region of the tested person in a fi xed lordosis position. We used the MicroFET2 Hand Held Digital Muscle Tester according to the manufacturer's recommendations. In our tests we measured the strength of the muscles of the hand, the arm (M. deltoideus, M. biceps brachii, M. triceps brachii, and M. abductor pollicis longus), see Figure 5 for the experimental setup. Each muscle test was performed at least twice (with one repetition). Th e time which was spent for each test of the muscle measurement was the same. Th is time was determined automatically by the MicroFET2 Hand Held Digital Muscle Tester manual test system. We fi nished the test only when we got a message "valid" on the machine display. All measured results of the strength of the muscles were given in Newtons N = kg·m. Th e trials were performed on the same subjects to determine the strength of the same muscles in two diff erent body positions. Each produced the result of the measurement of the muscle strength and it was recorded when the cervical spine was in vertical position and during the fl exion of the head at 30°. Th e main tendency is described by the average value and distribution by the standard deviation. A T-test pairs of samples were used to determine if the developed muscle strength and the fl exion of the spine in a vertical position are statistically signifi cantly (p < 0.05) diff erent. All measured results were processed by using the computer program IBM SPSS Statistics20.
To estimate standard deviation, we use the measurements for 100 persons of Table 1 . Th ese measurements were performed at least twice for every person. Tables 2, 3 . Th e results in these tables show statistically signifi cant changes in three of four muscles we tested (M. deltoideus, M. biceps brachii, M. triceps brachii) when the maximum strength values are obtained for the cervical spine in the vertical position and when the head is fl exed at 30°. We have established that the potentially aff ected areas of the functional changes in the spinal cord are the C5, C6 and C7 segments, which are responsible for the corresponding muscle innervation (C5 for M. deltoideus, C6 for M. biceps brachii, C7 for M. triceps brachii).
ANALYSIS OF RESULTS

All results of measurements are presented in
We fi nd statistically signifi cant diff erences between the muscle strength of the spine in the vertical position and the fl exio capitis (head fl exion) position for 3 of 4 pairs of tested muscles. We supposed the possible reason that could lead to a rapid and reversible change in the innervation of the three muscles on the right and the left side is a mechanical stretch of the spinal cord and the changes in the blood supply to the spinal cord. Once again, we emphasize that it is a normal function of the locomotion apparatus in healthy subjects, not associated with pain or any subjective or functional impairment. Th e mechan- ical nervous stretch with an elongation within 5-12% range may cause the transient disturbances in innervation, see Figures 1, 3 and 4 . Since the spinal cord is made of nervous tissue, it can be assumed that this mechanism could be one of the reasons for the relative change in the muscle strength phenomenon. During a longitudinal stretch of peripheral nerves, the increase in intraneural pressure occurs in proportion to the width of the nerves (Figure 1) . Th e blood supply to the spinal cord system is complex, with high adaptability under various functional conditions, and it is composed out to three large longitudinal arterial trunks. Together, these trunks constitute a single circulatory circle. On the other hand, the spinal cord gray and white matter has blood supply which is carried out by the segmental artery and terminal branches. Th ese arteries are perpendicular to the longitudinal axis of the spinal cord, see Figures 3, 4 . Using our experimental study, we can conclude that the changes in blood supply will be directly aff ected by the spinal cord deformation caused by the mechanical stretch [7] . Because of this, it is most likely that the segmental vessels will be compressed, worsening the blood supply of the segment. At the same time, the neural functional capabilities are directly dependent on the adequate blood supply [8] [9] [10] . Overall, we are confi dent that, combining the main results of this study, the head fl exion at 30° can change the relative strength muscles of upper extremities. Since we have not found any statistically signifi cant changes in the muscle strength in the M. abductor pollicis longus being innervated from C8 segment, we can conclude that the fl exion of the head has created a mechanical stretch mostly of the segments C5-C7 and the neutral mechanical stretch is in the C8 segment. 
DISCUSSION
Changing the position of the head and the neck from neutral-cervical lordosis to fl exed-cervical kyphosis results in the big mechanical overloading in the structure of the spine cervical region, see Figure 8 . Th at overloading can bring musculoskeletal disorders and shoulder-neck pain when that position becomes fi xed during a long period of time [2, 3] . 
5.CONCLUSION
Using our statistical study, we can conclude that there is strong relationship in the change in some of the observed muscles (M. deltoideus, M. biceps brachii, M. triceps brachii) between the vertical position and the fl exion of the head at 30 degrees. Th e results of our study support the hypothesis that the changes in the strength of these muscles are related to the mechanical distension of the spinal cord, which leads to the changes in the blood supply to the spinal cord. Th e kyphosis position of the cervical spine, at fl exio capitis 30° extent, according to the indirect signs, that is, the changes in the muscle strength, show that in the spinal cord segments C5, C6 and C7 mechanical distension is formed, but changes in segment C8 were not detectable. 
